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The environmental mold Aypergi/fw ﬁzmiga’t‘m is the primary
cause of invasive aspcrgiﬂosis. In patients with highwrisk condi-
tions, indudﬁng stem cell and organ transplant recipients, mot-
tafity exceeds 30%. Triazole antifungals have grcatly improved
survival (£); however, triazole-resistant A. fumigatus infections
are increasingiy rcported worldwide and are associared with
increased treatment failure and moruwality (2). Of particular
concetn are resistant A. fumigatus isolates carrying either TR34/
LI98H or TR46/Y121F/T289A genetic resistance markers,
which have been associated with environmental triazole fun-
gicide use rather than previous patient exposure to anrifu ngais
(3,4). Reports of these triazole-resistant 4. fusmigatus strains
have become common in Europe (2,3), bur U.S. feports are
limited (5). Because of the risk posed to immunocompro-
mised parients, undcrstanding the prt:‘vzﬂencc of such isolates
in patients is important to guid@ clinical and pubﬁc healch
dt’.cision—making, In 2011, CDC iniriated passive labomtory
monitoring for U.5. triazole-resistant A. fumiigatus isolates
thmugh outreach ro clinical laboratories. This system identi-
fied five TR34/L98H isolates collected from 2016 10 2017 (6},
in addition to two other U.S. isolates collected in 2010 and
2014 and reported in 2015 (5). Four of these seven isolates
were rcporte& from P::nnsyivania, two from V irginia, and one
from California. Three isolates were collected from patients
with invasive pu]monary aspergiﬂesis, and four paticnts had
no known previous triazole EXPOsULe. A.ﬁtngrzms resistant o
all triazole medications is emerging in the United States, and
clinicians and pubiic health pcrscmnc] need to be aware that
resistant infecrions are possibie even in patients not previously
cxposed to these medicarions.

Triazole antifungal medications are the primary treatment for
invasive A. fim'zz;gzzi:m infecrions, opportunistic infecrions that
ty’pic,aﬂy affect immunocompmmised patients. lnvasive asper-
giﬂosis is almost uni‘vcrsaﬂ‘y faral withoutan L‘ifungai freatment.
Clinical ourcomes impmvcd with the use of amphott’.ricin B
and have improved further with the inwoduction of mold-
active triazole antiﬁjngals such as voriconazole, posaconazoi@,
and itraconarzole, which are also assaciated with fewer adverse
cvents than is amphotericin B (7). Resistance to triazoles has
been associated with trearment faibure and increased mortal-
ity, but the prcvaiencc of infection with resistant strains in
U.S. hospitals is unknown (/,4). Structurally similar triazoles
are used cxtcnsivciy as fungicic};es in agricu]ture and other
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environmental appﬁcations, A ﬁzmigatw is not typically a
p]ant pathogcn but is commeon in soil and ciccaying piant mate-
rial. Incidental exposure of A. ﬁzmigﬂm to fungﬁcﬁdcs during
agricufturai or other environmental applicatians can select
for mutations cenferring resistance to triazoles. 4. ﬁ;mig{zms
spores are known to be carried long distances in the air, putting
patients at risk for infection with resistant serains, even in areas
without known a,griaﬂru ral ﬁmgicidc usage.

In Europe, molecular cpidcmie]ogic studies have identified
two resistant A. ﬁ{migm.‘w genotypes associated with environ-
mental triazole exposure (4). These genotypes, TR34/L98H
and TR46/YI21F/T289A, confer resistance to triazoles by
altering the drug targer, Cyp51A, which is involved in fungal
cell wall synthesis. Importandy, TR54/L98H confers resistance
ro all mold-active medical triazoles without incurring a fic-
fiess cost or survival disadvantagf. to the ﬁmgus. A. ﬁzmz’ga.z‘m
straing of this genotype have been isolated from the environ-
ment {e.g., compost, seeds, soil, commercial plant bulbs, and
patient houscholds) (8). Although these mutations have been
detected rcpcatccﬂy in environmental isolates, thcy‘ have not
been common among isolares from patients treared with Eongv
term triazoles in whom resistance might have been cxpccmd o
develop. Most (50%-75%) patients with TR34/L98H isolates
have not been exposed to triazole therapy, further suggesting
environmental acquisition of resistance (3).

Until 2015, no isolates with these genotypes had been
reported in the United States; that year, a U.S. fungal refer-
ence laboratory reported detecting two TR34/L98H and two
TRys/Y121FIT289A A. fumigatus isolates among 220 clinical
isolates collected from 2001 1o 2014 (5). In 2017, TR,4/1L.98H
A. fumigatus isolates were first detected in U.S. environmental
samples obtained from a commercial peanut field treated wich
triazole fungicides (9). Together, these reports demonstrare
thar triazole-resistant A. ﬁzmz’gzztm strains have emerged in
the Unired States in both patients and the environment,
likely caused by selection for resistance during environmental
triazole use.

In 2011, CDC issued a request for clinical A fumz:gams
isolates on the ClinMicroNet e-mail listserv of approximarely
800 U.S. clinical microbio[ogy ]abomtory directors, [eading
to a U.S. laboratory-based convenience sample of A. fumigasus
isolates (systematic public health surveillance for A. fumigazus

has not been conducted in the United States). In 2016, CDC
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received the first TR34/LI8H isolate through this passive
monitoring system, and an additional four have been identified
to date among approximately 2,300 votal isolates received (6.
Together, these five and the two previously reporred isolates
(5) represent the first seven TR34/L98H isolates identified in
the United States (Table). This report provides cpi&emiologic
and clinical c};escriptions of the paticnts associated with these
A. fumigﬂm triazole-resistant isolates.

Clinical Summaries

Pennﬁylvania, 2010. FoHQWEng stem cell transplanmtion
for sickle cell anemia, a woman developed graft-versus-host
discase and respiratory failure. Resistant 4. fumigatus was
isolated from sputun. Despite therapy with voriconazole and
caspofungin, her respiratory status worsened, and therapy was
switched ro amphmericin Band caspoﬁj ngin. She deteriorated
further and died of muldisystem organ failure 6 months after
isolate collection.

Pennsylvania, 2014. A man with A. fumigatus coloniza-
tion fbﬂowing hmg tmnsplantarion iniriaﬂy was treated with
long-term voriconazole followed by itraconazole. He was
hospimﬁzed with bacrerial and viral preumonia, devcfop@d
clinical invasive pulmonary aspergillosis, and was treated
with itraconazole and caspofungin, followed by posaconazole
and caspofungﬁn, then inhaled amphotcricin B. Resistant
A. fumigatus was isolated from a bronchoalveolar lavage. Wich
worsening clinical status and persistentﬂy positive A. fum.{gdms
cultures, thcrapy was switched to Iiposema] amphotericin B
and caspofungin; however, bronchosaopy indicated ongoing
ﬁmgal infection. He died from muitisystcm organ failure
approximately 2 months after isolate collection.

Penn.syﬁvania, 2016, A woman with sarcoidosis and invasive
pulmonary aspergiﬁesis was treated with low-dose voricon-
azole because of vision-associared side effeces ar higher doses.
Respiratory symptoms had worsened at the time of sputum
collection, and when the resistant A fumigatus isolate was
identified, L‘hempy was changed 0o caspoﬁmgin for 12 months.
Poﬂowing thcmpy, the patient was dinicaﬂy stable with no
mdiographia evidence of progression to chronic cavirary pui—
monary aspt:rgiﬂosis or aspf.rgiﬂoma,

Pennsy‘ivmia, 2017, A resistant A. ﬁtmz’gﬂtw isolare was col-
lected by bronchoalveolar lavage from a woman with chronic
obstructive pu]monary disease, interstitial pulmonary fibrosis,
and hyperscnsitivity‘ pneumonitis, while she was hespitalizcc};
for hydropneumothorax and bacterial pneumonia secondary
to trauma; no antfungal treatment was given. The patient
died of compﬁcatﬁons of her hydropneummherax theught to
be unrelated to A. fumigatus.

Virginia, 2016, case 1. A man who visited Virginia from
Guaremala was h@spira,iizcd for acure bronchiris 3 weeks afrer
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his arrival. Resiscant A. fumigatus was isolated from sputum
during this hospiczdizarion, No antifungais were administered,
and the parient was dischargcd to primary care.

Virginia, 2016, case 2. A woman with cystic fibrosis had
resistant A. fumigatus isolated from sputum at an outpatient
visit 2 day‘s before hospﬁtal admission for a cystic fibrosis
exacerbarion. While h@spﬁtaiizcd, she received steroids and
antibiotics but not antifungals. She was later dﬁschargcci with
oral antibiorics.

California 2017. A woman with a history of chronic
obstructive puimonary discase requiring inhaled corticosre-
roids, chronic hearte fatlure, and chronic kidney discase was
evaluated as an outpatient for a productive cough. Sputum
cultures grew 4. ﬁtmz’gxzm.f, and Igc amibody to A. fumigbzmx
was twice the normal value. She was not started on antibiotics
of an tiﬁmgais.

Discussion

A fumz:gams strains with mutations s:onfcrring resistance to
mold-active triazole agents have been found in dlinical and
environmental specimens in the United States. In rotal, 10
U.S. clinical isolates with these genotypes (seven TR34/L98H
and three TR4¢/Y121F/T289A) have been reported (5,10).
Together, these reports likely underrepresent the number of
U.S. isolates because aspergillosis and A. fumigatus colonization
are not reportable in any state and few laboratories perform
suscepribiiiry testing for Aspergf[lm species. Four of the seven
patients with TR34/L98H were not treated with antifungal
therapy following culture; these four isolates, all from sputum
ot bronchoalveolar lavage, likely reflected A. fumiigatus coloni-
zation rather than infection. However, the presence of highly
resistant A. ﬁzmigatw strains in patient isolates suUggests that
.5, dlinicians need to be aware of the risk for triazole-resistant
aspergillosis. Notably, four patients had no known exposure to
antifungal medications before culture of the resistant isolate,
supporring possible t’.nvimnmcnmﬂy acquired resistance.

The five isolates identified at CDC during 2016-2017 were
collecred from patients who did not share health care facilities,
procedures, or county of residence, arguing against shared
health care acquisition. Given that A ﬁzmigﬂw can unc};erge
selecrion for amifungaﬁ resisrance during triazole fungicidc
exposure in the environment, and spores of resistant strains
mighr be transmicted Ehmugh the air and inhaled, further
e}:pi@ration of triazole ﬁmgici&e use and presence of triazole-
resistant A. famigatus in these areas is warranted.

The findings in this report are subject to at least two [imi-
rations. First, among the seven A. ﬁ{migmfw isolates wich the
TR;4/L98H mutations identified in the United States to date,
four were collecred in Pc:nnsyfvania, two in Virginia, and one
in California. These three states contribured only 28% of all
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TABLE. Characteristics of seven patients from whom TRz 4/L98H triazole-resistant Aspergillus fumigatus was isolated — California, Pennsylvania,
and Virginia, 2010-2017

Known Pravious Colonization
Age previous triazole versus
State of Collection Cyp5t range triazale exposure infection Antifungal
origin year Source genotype  (yrs) Sex Underlyingdisease exposure? description (suspected)® treatment Cutcome
Pennsylvania’ 2010 Sputum  TR3y/L98H  20-29 F Respiratory failure Yes YR dose and Infection VYRC and CAS; Died
following stem cell duration L-AmB and CAS
transplant unknown
Pennsylvanial 2014 BAL TR3a/L98H  40-49 M A fumigatus Yes  VRC, ITC; dose Infection  1TCand CAS; POS Died
colonization following and duration and CAS; L-AmB
lung transplant that untknown and CAS
progressed to
multifactorial
pneumonia and
clinical [PA
Pennsylvania 2016 Sputum TRy/L9BH  60-69  F {Chronic iPA, sarcoidosis Yes  VRC200mg/day;  Infection VRG CAS Alive at
duration discharge
urknown
Pennsylvania 2017 BAL TR34/L98H  80-89 F Hydropneumothorax No  Inpatient Colonization None Died
with history of COPD hospitalization,
and pulmonary fibrosis primary care,
pulmonologist
and pharmacy
records
indicate no
record of
triazole or
other
antifungal
prescriptions
Virginia 2016 Sputum  TRg/L98H  70-79 M Acute bronchitis and No  Notriazole Colonization None Alive at
{nonresident) lurg nodules; no history discharge
history of available or
immunocompromise suspecied
before
hospitalization
in Virginia;
patient resides
in Guaternala
Virginia 2016 Sputum TRa/L98H  20-29 F Cystic fibrosis No  Nonereported  Colonization None Alive at
in 6 months discharge
praceding
isolate
collection
California 2017 Sputum  TR3,/L98H  80-89 F COPD, chronic heart No  Notriazole Colonization None Alive at
failure, and chronic history discharge
kidney discase available or
suspected
before

hospitalization

Abbreviations: BAL = bronchoalveolar lavage; CAS = caspofungin; COPD = chronic obstructive pulmonary disease; F = female; iPA = invasive pulmonary aspergiliosis;

[TC = ftraconazole; L-AmB = liposomal amphotericin B; M = male; POS = posaconazole; VRC = voriconarole.

* Colonization versus infection indicated based on explicit description in patient medical record or by treating physician, or, if not explicitly stated, suspicion based
on public health review of record.

T Wiederhold NP, Gil VG, Gutierrez F, et al. First detection of TRy, L98H and TR Y121F T289A Cyp51 mutations in Aspergiflus fumigatus isolates in the United States.
3 Cin Microbiol 2016;54:168-71..

CDC A fumigatus isolares collected during 2015-2017, rais-
ing the possibility of geographic localization. Second, because
isolares were collected through passive monitoring and not
systematic surveillance, caution must be exercised when inter-
preting these ﬁnciings,

With environmentally derived TR34/L98H triazole-resis-
tant A. ﬁzmigams detecred in the United States, systematic
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surveillance, derailed gt’.ogmphic data, and dara on wriazole
fﬁngicide use could be imporrant for assessing the scope of the
problem and trends in resistance. Exploration of risk factors
for partient acquisition might provicic opportunitics to prevent
exposure and mitigate risk for invasive infection in susccptibic
popu]ations. Clinicians and micmbioiegism need to be aware
of the possibiﬁty of triazole-resistant 4. fumigdms infections,
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even in triazole-naive patients. Expanded capacity to test for

amiﬁmgai susceptibﬂiry in A. ﬁimigﬂm: could hc]p inform
clinical and public health decisions.
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